Endometriosis may compromise the physiological course of pregnancy. The aim of this prospective observational study was to evaluate whether endometriosis causes a higher prevalence of obstetric and neonatal complications as well as a higher risk of caesarean section and to detect a possible correlation between the presence, type, and location of endometriosis and obstetric complications, previous surgery, and pregnancy outcome, as well as the influence of pregnancy on the course of the disease. We compared two cohorts of women with spontaneous pregnancy, with and without endometriosis. Obstetric and neonatal outcomes, mode of delivery, presence, type, and location of endometriotic lesions and the effect of pregnancy on the disease were analyzed. A total of 425 pregnancies were evaluated: 145 cases and 280 controls. Patients with endometriosis showed a higher incidence of miscarriage, threatened miscarriage, threatened preterm labor, preterm delivery, placental abruption, and a higher incidence of caesarean section. A significant correlation with pregnancy-induced hypertension and preeclampsia was found in the presence of adenomyosis. No difference in fetal outcome was found. One case of hemoperitoneum during pregnancy was observed. Pregnancy in women with endometriosis carries a higher risk of obstetric complications, such as miscarriage, threatened miscarriage, preterm labor, preterm birth, and a higher caesarean section rate. Endometriosis does not seem to influence fetal well-being.
Introduction
Endometriosis is a chronic inflammatory disease characterized by the presence of endometrial-like tissue outside the uterus in pelvic and extrapelvic locations [1] . The prevalence rate of endometriosis in perimenopausal women is about 10% [2, 3] . The disease is associated with pelvic pain in 60-80% of cases and infertility in 30-40% of cases [4] . Although there is strong evidence of connection between endometriosis and infertility, a causal relation cannot always be demonstrated [5] . In advanced stages, correlation could be due to anatomical distortion, whereas immunological disorders and inflammation could play an important role in the early stages [6] . It has been reported that infertile women with ovarian endometrioma might also have uterine artery blood flow alterations which improve after surgery, thereby increasing pregnancy rate [7] . Spontaneous pregnancy occurs in about 40% of women who have undergone surgery [8] . Laparoscopic treatment of endometriosis enhances fertility and the highest pregnancy rate is generally observed within the first six months after surgery [9] . Several authors have recently focused their attention on the possible role of endometriosis in the occurrence of obstetric complications. Hormonal and immunological factors characterizing the disease seem to be involved in these complications [10] . In addition, in women affected by endometriosis and adenomyosis, changes in the uterine environment and junctional zone alterations seem to influence decidualization, placentation, uterine contractility, cervical maturation, and membrane disorders with consequent development of obstetric complications [10] [11] [12] . Several studies have assumed that endometriosis may increase the risk of preterm birth and premature rupture of membranes [13] , as well as placental abruption and placenta previa [14] . The relationship between endometriosis and pregnancy-induced hypertension/preeclampsia is still being debated [15, 16] . Conflicting data on the risk of miscarriage have been reported [17, 18] ; moreover, some authors found a higher incidence of miscarriage in women with ovarian endometriosis compared to other locations of the disease [19] . An increased caesarean section rate in women affected by endometriosis compared to healthy controls has been reported [20] . Furthermore, some authors hypothesize that pregnancy could induce maternal complications such as bowel perforation and intestinal bleeding in patients with intestinal location, or uroperitoneum in patients with urinary tract involvement. Endometriosis is also considered a major risk factor for spontaneous hemoperitoneum in pregnancy due to the bleeding of decidualized endometriotic foci [10] . The aim of our study was to examine the effects of endometriosis on pregnancy outcome, comparing women with and without endometriosis, and the effect of pregnancy on the course of the disease. The primary endpoints were pregnancy, neonatal outcome, and mode of delivery. Secondary endpoints were the evaluation of a possible association between adverse pregnancy outcomes and the presence, type, and location of endometriotic lesions diagnosed during pregnancy and those removed at previous surgery. Another endpoint was the evaluation of maternal complications occurring due to the impact of pregnancy on endometriotic lesions.
Materials and Methods
This prospective cohort study was performed at our University hospital from June 2013 to March 2019. The study was approved by the Ethics Committee (protocol No. 982/17, CE code 4782). We enrolled 425 Caucasian pregnant women referred to the Department of Maternal and Child Health and Urological Sciences of the Umberto I University Hospital that met the inclusion criteria. The case group included 145 women affected by endometriosis and 280 controls not affected by the disease. Inclusion criteria were age 18 to 45 years, natural conception, informed consent to the study, Caucasian race, surgical/histological or clinical/instrumental diagnosis of endometriosis in the case group, and the absence of clinical and imaging signs or surgical history of endometriosis in the control group. Exclusion criteria were assisted reproductive technology (ART) to conceive, multiparity, intention of pregnancy termination, increased obstetric risks (i.e., antiphospholipid syndrome, chronic hypertension, pre-existing diabetes, autoimmune diseases, congenital and uncorrected uterine abnormalities), smoking, alcohol and/or drug addiction during and before pregnancy. The choice to include only first pregnancies was made to reduce confounding factors, as a previous caesarean section could influence the type of delivery. In addition, we had only a few cases of subsequent pregnancies, and a comparison would not have allowed a statistical analysis. After a careful assessment of eligibility criteria, informed consent was obtained from all patients. Both groups underwent a monthly clinical and ultrasound examination, as well as blood tests until delivery. For each patient, age, body mass index (BMI), and obstetrical data were recorded. All clinical data were collected in an appropriate database. Maternal outcomes of interest included: miscarriage, threatened miscarriage, ectopic pregnancy, preterm birth, threatened preterm labor, premature rupture of membranes, pregnancy-induced hypertension, preeclampsia, intrahepatic cholestasis, placenta previa, placenta accreta, placental abruption, intrauterine growth restriction, gestational diabetes, and oligohydramnios. Gestational age, expressed in weeks and days of amenorrhea, was calculated from the first day of the last menstrual period. The preterm subgroup was classified as very low preterm <28 weeks, low preterm ≥28 to <32 weeks, moderate preterm ≥32 to <34 weeks, and late preterm ≥34 to <37 weeks. Mode of delivery (vaginal delivery, caesarean section) was recorded, and the occurrence of post-partum hemorrhage (maternal blood loss estimated to be >500 mL within 24 h of vaginal delivery or >1000 mL after caesarean section) was evaluated. Data collected from newborns were birth weight and Apgar score. According to their weight, newborns were divided into three groups: <1500 g, between 1500 and 2500 g, and > 2500 g; Apgar score >7 or <7 at 5 min was assessed. Obstetric outcome analysis on spontaneous single and multiple pregnancies and the number of live births and stillbirths was also assessed. Among patients in the case group, presence, type, and site of endometriosis were recorded (ovarian endometrioma, deep infiltrating endometriosis (DIE), adenomyosis, extrapelvic endometriosis), previous surgery, and the stage of disease according to Revised American Society for Reproductive Medicine (r-ASRM). The above parameters were correlated with the possible occurrence of obstetric complications. Finally, we evaluated the impact of pregnancy on the course of the disease and the possible onset of complications most frequently described in the literature, such as uro/hemoperitoneum and intestinal perforation.
Analysis of data was performed using the IBM SPSS Statistics Package (version 24, provided by "Sapienza" University, Rome, Italy). In order to study the characteristics of the two different populations and compare the mean values of independent variables, the Student's T test was applied. The Chi-square test and the Pearson correlation coefficient were used to compare the outcomes in the two groups, and Fisher's exact test in the case of very low absolute frequencies. A p-value of <0.05 was considered to indicate statistical significance.
Results
The study population included a total of 425 pregnant women who conceived spontaneously: 145 affected by endometriosis and 280 control patients not affected by endometriosis. The two cohorts were homogeneous in terms of BMI, parity, and twin pregnancy. There was a significant difference in median age, with the cases older than the controls (median 31 years versus 29 years; p < 0.0001); however, multivariate analysis did not show an influence of age on the results (Table 1 ). In the case group, 73% of patients (106) had surgically/histologically confirmed endometriosis: 16 patients, stage I-II; and 90, stage III-IV (15% and 85%, respectively); characteristics of the lesions are reported in Table 2 . Thirty-nine women (27%) did not undergo surgery and diagnosis was based only on clinical and imaging evaluation (ultrasound/magnetic resonance imaging) ( Table 2) .
During pregnancy, an ovarian endometrioma was present in 86% (125) of cases. DIE was present in 12% of patients (18); of these, nine patients had bowel endometriosis, six bladder localization, and three vaginal nodules. Extrapelvic endometriosis was present in 16% of patients (24); of these, five patients had abdominal wall endometriosis, one patient had inguinal localization, and one woman had diaphragmatic endometriosis. Adenomyosis was present in 11% of patients (16) ( Table 2) .
Women with endometriosis showed a significantly higher incidence rate of miscarriage (21%, 30) (p < 0.004), threatened miscarriage (5%, 7) (p = 0.036), threatened preterm labor (9.6%, 14) (p = 0.014), preterm birth (20%, 29) (p < 0.001). No significant difference in premature rupture of membranes, fetal growth restriction, pregnancy-induced hypertension, preeclampsia, gestational diabetes, intrahepatic cholestasis, oligohydramnios, placenta previa, placenta accreta, placental abruption, stillbirth, post-partum hemorrhage, and post-term pregnancy rates was observed. A higher incidence rate of ectopic pregnancy was found in the endometriosis group, however the difference between cases and controls was not statistically significant (p = 0.09) ( Table 3 ). An evaluation of the relationship between type of delivery and neonatal outcome was performed in a total of 361 patients, considering only ongoing evolutive pregnancies (111 cases versus 250 controls), excluding cases of miscarriage or extrauterine pregnancy. This analysis showed a higher incidence rate of caesarean section in the case group compared to the control group: caesarean section 35% versus 31% (51 versus 87) and vaginal birth 41% versus 58% (60 versus 163) p = 0.042 (Table 3 ). Stillbirth occurred in 1% (2) of cases and 0.4% (1) of controls (p = Ns). In the case group, preterm delivery occurred in 29 (20%) patients (including a twin pregnancy), mostly late-preterm newborns, while preterm delivery occurred in 20 (8%) of the control group. This difference was statistically significant (p < 0.001). There were no significant fetal complications among the preterm babies. No significant difference was found regarding birth weight and Apgar score at 5 min in both term and preterm newborns ( Table 4 ). Our study showed that the type and site of endometriosis, pre-existing or occurring during pregnancy (ovarian endometrioma, DIE, or extrapelvic endometriosis), did not influence pregnancy outcome, whereas a significant correlation was observed between the presence of adenomyosis and pregnancy-induced hypertension (7 pts 24% versus 1 pt 3%; p < 0.0001) and/or preeclampsia (3 pts, 10% versus 1 pt 3%; p < 0.0001).
As to possible maternal complications in women affected by endometriosis, only one case of spontaneous hemoperitoneum due to endometrioma rupture was observed. Analysis of the results in patients who underwent laparoscopy before pregnancy and in those who had no previous surgery showed that the removal of endometriotic tissue did not significantly influence obstetrical outcomes.
Discussion
Due to sex hormonal changes, pregnancy and lactation have been considered for over a century to have beneficial effects on patients with endometriosis. Recent studies, however, have shown that pregnancy does not seem to have a systematically favorable effect on women with endometriosis [21] . On the contrary, they suggest that the disease could interfere with the physiological course of pregnancy and be involved in a wide spectrum of early obstetric complications, such as miscarriage and ectopic pregnancy, as well as late pregnancy complications such as severe preeclampsia, hemorrhage during pregnancy, placental abruption, placenta previa, premature rupture of membranes, preterm birth, infants small for gestational age, and caesarean delivery [20, 22, 23] . Our study showed that endometriosis may lead to an increased incidence of miscarriage, threatened miscarriage, threatened preterm labor, preterm birth, placental abruption, and caesarean section. However, we found no correlation between the type and site of the disease and obstetrical complications. In patients with endometriosis, the risk of unfavorable obstetrical outcome seems to be increased in the first pregnancy compared to subsequent pregnancies. In fact, a study conducted by Conti et al. showed a higher risk of pProm (preterm prelabour rupture of membranes) and PTB (preterm birth), in line with our results, but also of SGA (small for gestational age) babies and Neonatal Intensive Care Unit (NICU) admission at birth [24] .
Multiple mechanisms have been hypothesized to explain these pregnancy complications, such as impaired endometrial receptivity, decidualization, and remodeling of the uterine spiral vessels, which have been reported in patients with endometriosis. Inadequate endometrial receptivity caused by progesterone resistance and altered uterine contractility may provoke miscarriage [25, 26] . Vercellini et al. found a higher miscarriage rate in nulliparous women with spontaneous pregnancies in the presence of ovarian endometrioma with or without peritoneal endometriosis (OR = 1.70). This association could be related to a genotoxic effect on the oocyte induced by the iron content in the endometrioma fluid [19] . Schwartz et al. reported a higher miscarriage rate in patients with mild endometriosis, as superficial lesions provoke severe inflammation, possibly leading to defective folliculogenesis, fertilization, and/or implantation [27] . A retrospective cohort study thus showed a higher miscarriage rate in all types of endometriosis (superficial, endometrioma, DIE) compared to the healthy controls [28] . In most studies the results are not changed by the mode of conception, and this constitutes a major confounding factor. In the present study only patients with spontaneous pregnancy were enrolled.
Our study showed a strong correlation between endometriosis and preterm birth, mainly late preterm, whereas no correlation was found between endometriosis and premature rupture of membranes. Increased expression of inflammatory pathways, prostaglandins, and activation of metalloproteinase causing cervical ripening and collagen degradation, uterine contractions, and inflammation of the membranes have been reported [11, 29] . These mechanisms could explain the occurrence of preterm birth/premature rupture of membranes in patients with endometriosis. Recent studies found that preterm birth rate increases independently of the pregnancy onset (spontaneous or after ART) [14, 30, 31] . A significant correlation between preterm birth/premature rupture of membranes and adenomyosis [13, 32] and DIE has recently been reported [33] . However, hormonal changes related to pregnancy may also have a protective role, as the rise of progesterone levels may reduce the typical inflammation caused by endometriosis, thereby reducing obstetrical complications in subsequent pregnancies [24] .
We found an increased incidence of caesarean sections in the case group compared to controls, mainly performed in elective regimen. Several meta-analyses and reviews found a correlation between endometriosis and caesarean section [29, 34] . In a study performed by Maggiore et al., the main indication for caesarean section in women with endometriosis was fetal distress, followed by breech presentation and dystocia [26] . Abnormal placentation in women with endometriosis may increase the risk of placental complications, antepartum hemorrhage, and preterm birth, thereby increasing the caesarean section rate [14, 35] . An Italian retrospective study found that 36.6% of patients with a history of surgery for endometriosis underwent caesarean section, mostly women with ovarian and rectovaginal endometriosis [19] . Other authors reported an increased risk of caesarean section in women with DIE of the anterior and posterior compartment, regardless of previous surgery [36, 37] . Despite the reported correlation between adenomyosis and caesarean section due to fetal malpresentation, probably caused by narrowing and reduced uterine extensibility [38] , no correlation between disease site and caesarean section was observed in our study. In a large Swedish cohort study, elective caesarean section was more common than emergency operation in primipara with endometriosis [14] . In the literature, elective caesarean section is more frequent in patients with endometriosis, also excluding pregnancies after ART and those complicated by preeclampsia, preterm birth, or intrauterine growth restriction [39] . The high rate of caesarean sections in women with endometriosis may be due to, e.g., psychological factors, as women may choose to avoid pain during a vaginal birth and ask the physician to perform a caesarean section [39, 40] .
The risk of pregnancy-induced hypertension and preeclampsia in women with endometriosis is a controversial issue; some studies have reported that the risk of pregnancy-induced hypertension/preeclampsia in women with endometriosis has decreased [15] , others report that it is unchanged [16] or increased [14, 41] . The mechanism involved seems to be a defective remodeling of the spiral arteries in the junctional zone and in the placental bed, probably due to immunological disorders, chronic inflammation, and oxidative stress [42] . The possible correlation with the site of the lesions is also debated: Vercellini et al. did not find any correlation with the sites of the disease [19] , while Exacoustos et al. reported an increased incidence of pregnancy-induced hypertension in the group of women with deep rectovaginal endometriosis [36] . A recent Japanese study found a significant correlation between pregnancy-induced hypertension/preeclampsia and diffuse adenomyosis. The authors hypothesized that chronic inflammation induced by adenomyosis and the thickness of the junctional zone could lead to abnormal placentation, resulting in hypertensive disorders [43, 44] .
Our results did not show any significant correlation between endometriosis and pregnancy-induced hypertension/preeclampsia, while a correlation with the presence of adenomyosis was found. A larger sample is required to confirm these results.
A few studies have analyzed neonatal outcome in women with endometriosis and some of them reported a higher incidence of small for gestational age newborns or low birth weight babies in affected women compared to the healthy controls [30] . This association was not correlated with the type of reproduction (spontaneous or ART) [30, 37] . The typical inflammatory status that characterizes endometriosis may cause abnormalities in decidualization, leading to a poor placentation that may reduce nutrition and oxygenation of the fetus, with the risk of fetal growth restriction and SGA babies. Furthermore, as previously discussed, cytokines and other inflammatory molecules may be responsible for preterm delivery, with major risks of negative fetal outcomes, linked to prematurity [30] . Korelahti et al. did not find differences in birth weight, Apgar score, umbilical cord, pH value, and admission to an intensive care neonatal unit [45] . Only one study observed a longer period of hospitalization in the neonatal intensive care unit because of a higher incidence of prematurity [24] . Most studies compared pregnancies in women with or without endometriosis, not considering the type of conception (spontaneous or ART). In particular, the studies included in the systematic review conducted by Bruun et al. did not distinguish elective from spontaneous preterm deliveries. All these confounding factors may have influenced the results and the correlation between endometriosis and poor fetal outcome [32] . In the present study, no significant difference was found between cases and controls regarding birth weight, Apgar score, and newborn health. These findings could probably be explained by the inclusion of only spontaneous pregnancies in our study. There was a statistically significant difference in the rates of preterm delivery between cases and controls. However, no significant fetal complications occurred in these newborns, probably because they were late preterm. Overall, no difference was found in fetal outcomes between cases and controls at any gestational age. Our results thus suggest that endometriosis seems not to have a negative effect on fetal well-being. Nonetheless, more studies are required to confirm these findings. Complications of preexisting endometriotic foci during pregnancy are rare [46] ; in our study, we observed one case of hemoperitoneum due to probable rupture of an ovarian endometrioma in the third trimester of pregnancy. This complication may have been related to the process of involution of the decidualized ectopic endometrium, as already discussed in the literature by other authors [26, 47, 48] .
Conclusions
Endometriosis may interfere with the physiological course of pregnancy, and physicians should therefore treat these patients with particular care. To the best of our knowledge, this is the largest prospective single-center study of patients with endometriosis and adenomyosis, including only first spontaneous pregnancies. However, this study has some limitations. First, the sample of patients with documented adenomyosis was too small for a correct interpretation of the results; secondly, the mechanisms involved were not studied. Further prospective studies are required to confirm our data, also evaluating the characteristics of placenta and chorion membranes in these patients. It is important that gynecologists inform women with endometriosis about possible obstetric complications. A careful maternal-fetal surveillance is needed in these patients. 
